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Abstract
OBJECTIVE: To investigate how the pretreatment
of mice with Ganoderma spores affected the apop-
tosis of their splenic lymphocytes induced by dexa-
methasone after 19 days treatment.
METHODS: Sixty Kunming mice were randomly di-
vided into six groups: blank control groupdrenched
with normal saline; a drug control group drenched
with 150 mg/mL Ganoderma spores; a model
group treated with saline; a low dose group with
50 mg/mL Ganoderma spores; a moderate dose
group with 100 mg/mL Ganoderma spores; and a
high dose group with 150 mg/mL Ganoderma
spores. The effect of Ganoderma spores on apopto-
sis in spleen lymphocytes was analyzed. All groups
were treated for 19 days. On day 20, the model
group and the 3 treatment groups were intraperito-
neally injected dexamethasone to induce apopto-
sis. Splenic index and apoptosis indes were em-
ployed to measure cell apoptosis.
RESULTS: The results showed that Ganoderma
spores reduced the splenic index to different de-
grees in each group and the best effect was seen in
the high dose group (P<0.05). Terminal dexynucleo-
tidyl transferase (TdT)-mediated 2'-Deoxyuridine
5'-Triphosphate nick end labeling staining revealed
that the apoptotic index in all groups administered
Ganoderma spores differed significantly from the
model group, and a dose-response was observed.
Flow cytometric analysis indicated that spleen lym-
phocyte apoptosis in the model group was exten-
sive. Each dose of Ganoderma spores inhibited
dexamethasone-induced apoptosis in spleen lym-
phocytes, and a dose-response was observed as
well. The highest dose of Ganoderma spores de-
creased Malondialdehyde content in serum in-
duced by dexamethasone (P<0.05).
CONCLUSION: The findings imply that the pretreat-
ment of the mice with Ganoderma spores could re-
duce the apoptosis rate induced by dexametha-
sone in their splenic lymphocytes.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
The dynamic balance of immune cell proliferation and
death enables the body to maintain stable physiological
activities. The abnormal proliferation can lead to tu-
mor formation, and excessive apoptosis may lead to im-
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munosuppression. Lymphocyte apoptosis has been re-
ported to lead to immune suppression in animal diseas-
es.1 Lingzhi (Ganoderma Lucidum) and its extracts play
a role in the regulation of lymphocyte apoptosis by in-
ducing apoptosis in tumor cells and inhibiting apopto-
sis in normal immune cells, and different doses of Ling-
zhi (Ganoderma Lucidum) extract were able to induce
apoptosis in lymphoma cells. The germ cells of mature
Lingzhi (Ganoderma Lucidum), known as Lingzhi
(Ganoderma Lucidum) spores, also possess immuno-
modulatory, anti-tumor and antioxidant properties.2-4
In this study, the effects of Lingzhi (Ganoderma Lu-
cidum) spores on dexamethasone-induced apoptosis in
mice spleen lymphocytes were studied in situ with ter-
minal-deoxynucleoitidyl transferase mediated nick end
labeling (TUNEL) and flow cytometry to demonstrate
the immunoregulatory activity of Lingzhi (Ganoderma
Lucidum) spores.
MATERIALS ANDMETHODS
Drugs and reagents
The powder extracted from Lingzhi (Ganoderma Lu-
cidum) spore was purchased from Fujian Xianzhilou
Biotechnology Co., Ltd., (Fuzhou, China). Dexametha-
sone Sodium Phosphate Injection was purchased from
Fuzhou Neptunus Pharmaceutical Co., Ltd. (Fuzhou,
China). Malondialdehyde (MDA) assay kit was pur-
chased from Nanjing Jiancheng Bioengineering Insti-
tute (Nanjin, China). TUNEL kit (Product No.
1684809, alkaline phosphatase-labeled) and Proteinase
K was purchased from Fuzhou Maixin Biotechnology
Development Co., Ltd. (Fuzhou, China).
Animals
Sixty healthy Kunming mice (30 femal and 30 male )
of clean grade, one-month old, weighing (20.0±0.5) g
were provided by Fujian Medical University Laborato-
ry Animal Center (Certificate of quality No. SCXK
(min) 2012-0001). The study was approved by the ex-
perimental animal ethics committee of Fujian Agricul-
ture and Forestry University.
Totally 60 mice were randomly divided into 6 groups
by random number table: blank control group (10),
drug control group (10), model group (10), 3 treat-
ment groups (10 each).
The mice in the blank control group were drenched
with normal saline, 0.2 mL/d, for 19 consecutive days.
The drug control mice were drenched with a concentra-
tion of 150 mg/mL Lingzhi (Ganoderma Lucidum)
spore powder aqueous solution, 0.2 mL/d, for 19 con-
secutive days. The mice in the model group were fed
with saline, 0.2 mL/d, for 19 consecutive days. Mice in
the treatment groups were fed 150 mg/mL (high dose),
100 mg/ mL (moderate dose) or 50 mg/mL (low dose)
Lingzhi (Ganoderma Lucidum) spores in aqueous solu-
tion, 0.2 mL/d, for 19 consecutive days. On the 20th
day, the model group and 3 treatment groups were in-
traperitoneally injected with 40 mg/kg dexamethasone,
the blank control group and the drug control group
with normal saline. After 15 h, the mice in each group
were weighed, sacrificed, and the spleens were harvest-
ed and weighed. Half of each spleen was fixed with 4%
paraformaldehyde, and the other half was used to pre-
pare a cell suspension.
Determination of the splenic index
Splenic index was calculated according to the following
formula: Splenic index=spleen wet weight (mg)/body
weight (g).
Determination of the apoptotic index in spleen
Spleens were fixed in 4% paraformaldehyde fixing solu-
tion for 4 h at 4℃. The tissues were dehydrated, made
transparent and embedded according to routine histo-
logical methods. Samples were cut into 5 μm semi-seri-
al cross-sections. For each tissue sample, one of every
10 sections was stained immunohistochemically for
apoptotic cells. Positive cell nuclei were stained
dark-blue, while the negative cell nuclei were stained
red. The average apoptotic index was calculated from
five randomly chosen fields in each slice under a micro-
scope. Apoptotic index AI (%)=(positive cell number/
total number of cells) ×100%.
Determination of serum MDA
At the end of experiement, the mice were slaughtered
and blood samples were collected in heparinized tubes
and centrifuged at 2000 ×g for 20 min at 4℃.
Analysis of apoptosis by flow cytometry
The cell suspension was filtered through a 400 mesh fil-
ter, centrifuged, precipitated, and stored at 4℃ in 70%
cold ethanol. Then 1 mL of PI dye was added and the
cells were incubated at 4℃ in the dark for 30 min pri-
or to flow cytometric analysis.
Statistical analysis
All data were analyzed by one-way analysis of variance
using SPSS 10.0 (vers 10, SPSS Institute, Chicago, IL,
USA) and multiple comparisons were performed using
the LSD test. P<0.05 was considered to be significant.
RESULTS
Splenic index
The apoptosis rate was significantly different (P<0.01)
between the blank control group and the model group,
which suggests that dexamethasone-induced apoptosis
was successful. The splenic index of high dose group
was significantly higher than that of the model group
(P<0.05), but not higher than that of the blank control
group (P>0.05). The indexes of moderate and low dose
groups were insignificantly better than that of the mod-
el group (P>0.05, Table 1).
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Apoptotic index in spleen by TUNEL assay
Compared with the blank control group, apoptotic
rate was significantly increased (P<0.01) in the model
group (Figure 1). The rate in high dose group was not
significantly different from that in the blank control
group (P>0.05, Table 1). A dose-response was seen in
the 3 groups treated with the extracted powder in
terms of apoptotic rate.
The apoptosis in spleen by flow cytometry
As shown in Figure 2, the results further confirmed
that the Apoptotic rate in high dose group was signifi-
Group
Model group
Blank control group
Drug control group
High dose group
Moderate dose group
Low dose group
Dose
(mg/mL)
0
0
150
150
100
50
Splenic index
(mg/g)
2.60±0.21
3.87±0.61
3.92±0.63
3.14±0.36
2.85±0.34
2.76±0.63
Apoptotic rate
(TUNEL) (%)
10.10±0.55
1.84±0.66
2.23±0.82
2.40±0.61
4.63±0.88
6.52±1.02
Apoptotic rate
(flow cytometry) (%)
10.10±0.55
1.84±0.66
2.23±0.82
2.40±0.61
4.63±0.88
6.52±1.02
MDA
(nmol/mL)
26.08±6.78
14.03±4.39
16.55±5.69
18.41±2.80
27.88±4.84
28.16±3.68
Notes: model group were fed with saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg dexamethasone;
blank control group were drenched with normal saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg nor-
mal saline; drug control group were drenched with a concentration of 150 mg/mL Lingzhi (Ganoderma Lucidum) spore powder aqueous
solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; high dose group were fed with
150 mg/mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with
40 mg/kg normal saline; moderate dose group were fed with 100 mg/ mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution,
0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; low dose group were fed with 50 mg/mL Ling-
zhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal
saline. MDA: malondialdehyde; TUNEL: terminal-deoxynucleoitidyl transferase mediated nick end labeling.
Table 1 Inhibitive effect on apoptosis in splenic lymphocytes of mice pretreated with Lingzhi (Ganoderma Lucidum) spores
D E F
A B C
Figure 1 Apoptosis detection by TUNEL in spleen (×200)
A: control group; B: model group; C: drug control group; D: high-dose group; E: moderate dose group; F: low dose group. Model
group were fed with saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg dexamethasone; blank
control group were drenched with normal saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg nor-
mal saline; drug control group were drenched with a concentration of 150 mg/mL Lingzhi (Ganoderma Lucidum) spore powder
aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; high dose group
were fed with 150 mg/mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the
20th day, injected with 40 mg/kg normal saline; moderate dose group were fed with 100 mg/ mL Lingzhi (Ganoderma Lucidum)
spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; low dose
group were fed with 50 mg/mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on
the 20th day, injected with 40 mg/kg normal saline. TUNEL: terminal-deoxynucleoitidyl transferase mediated nick end labeling.
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cantly lower than those in moderate-dose, low-dose
groups, and the model group (P<0.05, Table 1).
Serum MDA
Apoptosis induced by free radicals leads to the forma-
tion of MDA. To further investigate how Lingzhi
(Ganoderma Lucidum) spore powder suppresses apopto-
sis induced by dexamethasone in spleen, we examined
the serum malondialdehyde levels. The results showed
that the MDA level in high dose group was lower than
those in the model, low-dose, and moderate-dose
groups (Table 1).
DISCUSSION
Glucocorticoid is a classical immunosuppressant that
can induce apoptosis in lymphocytes. In 1980, Wyllie
demonstrated that glucocorticoid induced thymocyte
apoptosis.5 In this study, we established a lympho-
cyte-apoptosis model by injection of 40 mg/kg dexa-
methasone for 15 h. Lingzhi (Ganoderma Lucidum)
spores are the reproductive cells of Lingzhi (Ganoderma
Lucidum); the spores contain higher amounts of poly-
saccharides, peptides, enzymes, selenium (Se) elements
and other ingredients than Lingzhi (Ganoderma Lu-
cidum).6 Studies have shown that Lingzhi (Ganoderma
Lucidum) spores can significantly improve the splenic
index of glucocorticoid immunosuppressed mice.7 In
this study, pretreatment of immunosuppressed mice
with Lingzhi (Ganoderma Lucidum) spores significantly
produced better splenic indexes. These results suggest
that Lingzhi (Ganoderma Lucidum) spores had a posi-
tive role in facilitating the suppressed immune function
to recover or reducing the suppression to some extent.
Water-soluble extracts are the popular forms of Tradi-
tional Chinese Medicine. Polysaccharides are the main
components of the water-soluble extract of Lingzhi
(Ganoderma Lucidum).8 In recent years, modern phar-
macological research on Lingzhi (Ganoderma Lucidum)
polysaccharides has clearly demonstrated their immu-
no-modulatory and anti-tumor activities.9,10 The immu-
nomodulatory effects of Lingzhi (Ganoderma Lucidum)
polysaccharides include the promotion of humoral im-
munity, cellular immunity and the mononuclear phago-
cyte system. Many reports have demonstrated that
Lingzhi (Ganoderma Lucidum) polysaccharides can in-
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Figure 2 Apoptosis detection by flow cytometry in spleen
A: control group; B: model group; C: drug control group; D: high-dose group; E: moderate dose group; F: low dose group. Model
group were fed with saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg dexamethasone; blank
control group were drenched with normal saline, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg nor-
mal saline; drug control group were drenched with a concentration of 150 mg/mL Lingzhi (Ganoderma Lucidum) spore powder
aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; high dose group
were fed with 150 mg/mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the
20th day, injected with 40 mg/kg normal saline; moderate dose group were fed with 100 mg/ mL Lingzhi (Ganoderma Lucidum)
spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on the 20th day, injected with 40 mg/kg normal saline; low dose
group were fed with 50 mg/mL Lingzhi (Ganoderma Lucidum) spores in aqueous solution, 0.2 mL/d, for 19 consecutive days, on
the 20th day, injected with 40 mg/kg normal saline.
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duce cytokine production by the differentiation of lym-
phocytes,11 the maturation of cultured murine bone
marrow-derived dendritic cells and the immune re-
sponse initiated by dendritic cells,12 the proliferation of
immunoglobulin production by murine splenic B cells13
and the activation of natural killer cells, which finally
results in the activation of the immune system. This
study suggested, Lingzhi (Ganoderma Lucidum) spores
could reduced the rate of lymphocyte apoptosis in-
duced by dexamethasone, but the high dose showed
better effect.
A previous study demonstrated that various free radi-
cals mediate apoptosis in various ways in vivo.14 Reac-
tive oxygen radicals can affect signal transduction by
damaging DNA, as well as participating in the regula-
tion of gene expression pathways mediated by apopto-
sis.15 MDA is the final product of lipid peroxidation.
The accumulation of free radicals in the body can accel-
erate lipid peroxidation and produce large amounts of
MDA, which causes damage to cells and tissues. Deter-
mination of the MDA content is often used to reflect
the degree of lipid peroxidation, 16 and therefore the de-
gree of accumulation of free radicals. This study im-
plied that Lingzhi (Ganoderma Lucidum) spore powder
could inhibit lipid peroxidation caused by dexametha-
sone. This suggested that Lingzhi (Ganoderma Lu-
cidum) spores may perform an antioxidant role by scav-
enging free radicals as reported by Li et al.17
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